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ABSTRACT 


The  activity  of  five  liver  enzymes  involved  in  amino  acid 
metabolism  was  found  to  be  markedly  increased  in  cold- 
exposed  rats.  However,  the  activity  of  three  of  the  enzymes, 
arginase,  glutamic -oxalace tic  and  glutamic -pyruvic  trans¬ 
aminase,  was  increased  only  as  a  result  of  a  cold- induced 
higher  protein  intake.  In  contrast,  the  activity  of 
tryptophan  pyrrolase  and  tyrosine  alpha  ketoglutaric  trans- 
minase  was  increased  by  cold  per  se.  The  data  demonstrate 
that  both  substrate -induced  and  cold-induced  enzymatic 
changes  occur  in  cold-exposed  animals. 
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EFFECT  OF  PROTEIN  INTAKE  AND  COLD  EXPOSURE 
ON  SELECTED  LIVER  ENZYMES  ASSOCIATED 
WITH  AMINO  ACID  METABOLISM 


SECTION  1.  INTRODUCTION 


It  is  well  established  that  animals  exposed  to  cold  for  a  prolonged  period 
of  time  undergo  certain  enzymatic  changes  associated  with  an  increased 
thermal  demand  in  the  cold  environment. 

Major  changes  in  the  activity  of  specific  enzymes  involved  in  carbohy¬ 
drate  metabolism  of  cold- exposed  rats  were  reported  by  Hannon  and  Vaughan 
(I960,  1961)  and  Vaughan  et  al  (1961).  These  authors  found  that  the  cold 
exposed  rat  has  an  increased  activity  of  liver  glucose-6-phosphatase,  gluco- 
kinase,  malic  dehydrogenase  and  an  increase  in  the  rate  of  pyruvate  forma¬ 
tion  from  3-phosphoglycerate.  The  rate  of  oxidation  of  the  Krebs  cycle 
substrates,  succinate,  isocitrate,  citrate,  alpha- ketoglutarate,  fumarate 
and  malate  were  also  found  to  be  markedly  increased  as  a  result  of  a  chronic 
cold  exposure  (Hannon,  1958).  In  addition,  a  significant  increase  in  the 
activity  of  liver  succinic  dehydrogenase,  cytochrome  oxidase,  and  of  DPNH- 
and  TPNH- cytochrome  c  reductase  of  cold-exposed  animals  were  reported  by 
Hannon  (I960)  and  Reynafarje  and  Chaffee  (I960).  More  recently,  it  was 
reported  from  this  laboratory  that  the  activity  of  liver  arginase,  glutamic- 
oxalacetic  and  glutamic -pyruvic  transaminase  in  cold  exposed  rats  fed  a  low 
protein  diet  was  significantly  higher  than  that  in  the  comparable  animals  kept 
at  room  temperature  (Klain  et  al,  1962). 

However,  it  has  been  observed  that  the  cold  exposed  animals  increase 
appreciably  their  food  intake  in  order  to  satisfy  the  energy  needs  for  both 
heat  production  and  growth.  Since,  in  the  final  analysis,  the  elevated  energy 
metabolism  is  the  result  of  an  increased  rate  of  oxidation  of  proteins,  carbo¬ 
hydrates  and  fats,  it  can  be  assumed  that  the  augmented  flow  of  substrates 
passing  over  certain  enzymes  in  the  cold-exposed  animals  will  increase  the 
rate  of  synthesis  of  these  enzymes,  and  thus  alter  their  activity,  according 
to  the  hypothesis  proposed  by  Spiegelman  (1946). 

The  present  experiments  were  conducted  to  study  effects  of  diet  and  cold 
exposure  on  five  liver  enzymes  associated  with  amino  acid  metabolism  in  the 
rat  and  to  examine  the  possibility  that  increased  activities  of  some  enzymes 
in  cold  exposed  animals  could  be  substrate -induced  rather  than  an  effect  of 
cold  per  se. 
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SECTION  2.  EXPERIMENTAL 


Male  Sprague -Daw ley  rats,  ranging  in  weight  from  165  to  200  grams, 
were  used  in  all  experiments.  The  control  group  (Group  1),  kept  at  25°  C, 
was  given  the  experimental  diet  on  an  ad  libitum  basis.  The  cold- exposed 
rats  were  kept  in  a  cold  room  at  7°  C.  One  group  of  the  cold-exposed  rats 
(Group  2)  was  also  fed  on  an  ad  libitum  basis,  while  the  other  two  cold- 
exposed  groups  (Groups  3  and  4)  were  pair-fed  with  the  warm  controls.  How¬ 
ever,  in  order  to  meet  a  higher  energy  demand  in  cold,  the  animals  in 
Groups  3  and  4  were  offered  an  unrestricted  amount  of  either  sucrose  or  fat, 
respectively,  as  soon  as  they  consumed  the  daily  portion  of  the  experimental 
diet.  Individual  wire  cages  were  used  throughout  the  experiment. 

The  experimental  diet  consisted  of  20%  crude  casein,  72%  sucrose,  4% 
corn  oil,  ana  4%  U.  S.  P  Salt  mixture  No.  II.  The  vitamin  mixture  supplied 
2,  000  units  of  vitamin  A,  222  units  of  vitamin  D,  11.1  mg  of  a-tocopherol, 
and  the  following  mg  per  100  gm  of  diet:  ascorbic  acid,  100;  inositol,  11.  1; 
choline  chloride,  166.5;  menadione,  5;  p-aminobenzoic  acid,  11.  l;niacin.  10; 
pyridoxine  hydrochloride,  2.22;  riboflavin,  2.  22;thiamin  hydrochloride,  2.22; 
Ca-pantothenate,  40.  3;  also  44  pg  of  biotin,  200  pg  of  folic  acid  and  3  pg  of 
vitamin  B^. 

At  the  end  of  28  days  the  animals  were  sacrificed  by  decapitation,  the 
liver  was  immediately  excised,  chilled  in  chipped  ice  and  assayed  forarginase, 
glutamic -oxalace tic  transminase  (GOT)  and  glutamic -pyruvic  transaminase 
(GPT),  in  experiment  1,  and  for  tryptophane  pyrrolase  (TP)  and  tyrosine- 
alpha-ketoglutaric  transaminase  (TKGT),  in  experiment  2. 

Arginase  determination  was  carried  out  according  to  the  procedure  of 
Brown  and  Cohen  (1959)  as  used  by  Klain  et  al  (1962).  GOT  and  GPT  were 
measured  by  following  the  oxidation  of  DPNH  with  a  Beckman  DK  recording 
spectrophotometer  according  to  procedures  similar  to  those  used  by 
Wroblewski  and  La  Due  (1956)  and  La  Due  et  al  (1954). 

The  activity  of  TP  was  determined  according  to  the  procedure  of  Knox 
and  Auerbach  (1955)  and  estimations  of  TKGT  were  made  according  to  the 
method  used  by  Lin  and  Knox  (1957).  All  enzyme  assays  were  carried  out  on 
duplicate  samples,  involving  five  or  more  animals. 

Aliquots  of  tissues  were  analyzed  for  nitrogen  content  by  acid  digestion 
and  the  nesslerization  procedure.  Since  there  was  no  difference  in  the  nitro¬ 
gen  content  of  livers,  the  enzyme  activities  were  expressed  in  units  per  gram 
of  fresh  tissue  rather  than  per  unit  of  nitrogen. 
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SECTION  3.  RESULTS  AND  DISCUSSION 


The  data  obtained  in  these  studies  are  summarized  in  Table  I.  The  mean 
weight  changes  for  the  28-day  experimental  period  indicate  that  the  amount  of 
protein  consumed  by  the  pair-fed  animals  met  their  needs  for  the  maximal 
rate  of  growth  (Groups  3  and  4  vs  2). 

It  will  be  noted  that  the  activity  of  arginase,  GOT  and  GPT  was  markedly 
increased  in  the  cold-exposed,  ad  libitum-fed  animals  (Group  2  vs  1)  and 
remained  unchanged  in  the  pair-fed  groups  (Groups  3  and  4  vs  1).  This 
effect  can  be  apparently  related  to  a  higher  protein  intake  per  se  since  the 
animals  in  Group  2  consumed  over  44  per  cent  more  of  the  complete  diet 
than  those  in  the  pair-fed  groups.  There  is  ample  evidence  in  the  literature 
demonstrating  that  activity  of  certain  enzymes  involved  in  protein  meta¬ 
bolism  can  be  readily  affected  by  the  quantity  of  protein  consumed.  Thus, 
arginase  activity  increases  on  high  protein  diets  and,  conversely,  decreases 
on  low  protein  diets  (Mandelstam  and  Yudkin,  1952;  Ashida  and  Harper,  1961; 
Rosenthal  et  al,  1950).  Similarly,  Rosen  et  al  (1959)  reported  an  increase 
in  GOT  and  GPT  activity  in  livers  of  both  intact  and  adrenalectomized  rats 
fed  high  protein  diets,  showing  that  protein  per  se  was  primarily  involved 
in  this  metabolic  adaptation. 

In  contrast,  the  activity  of  TP  and  TKGT  was  uniformly  increased  in  all 
three  cold-exposed  groups,  regardless  of  the  dietary  treatment.  Thus,  the 
most  important  conclusion  to  draw  from  the  foregoing  data  is  that  both 
substrate -induced  and  cold-induced  enzymatic  changes  occur  in  the  cold- 
exposed  animals.  Cold-induced  adaptive  changes  in  the  enzyme  activity  may 
be  assumed  to  be  mediated  by  adrenocortical  hormones,  since  it  has  been 
established  that  cold-exposed  animals  produce  more  corticosteroids  than 
comparable  animals  kept  at  room  temperature  (Heroux  et  al,  1959;  Schon- 
baum,  I960,  Sobel  et  al,  I960).  In  addition,  Thomson  and  Mikuta  (1954) 
found  that  the  activity  of  the  mammalian  liver  TP  was  greatly  increased 
after  the  injections  of  glucocorticosteroid  hormones,  and  Knox  and  Auerbach 
(1955)  presented  evidence  that  adrenalectomized  rats  developed  an  increased 
activity  of  the  liver  TP  after  the  intraperitoneal  injections  of  tryptophan. 

More  recent  studies  of  Civen  and  Knox  (1959)  showed  that  the  inducing  effect 
of  tryptophan  and  hydrocortisone  given  together  was  the  sum  of  their  separate 
action.  Similarly,  the  activity  of  TKGT  can  be  stimulated  in  vivo  by  inject¬ 
ing  hydrocortisone  or  tyrosine  or  by  a  mixture  of  these  components  (Lin  and 
Knox,  1957;  1958;  Litwack  and  Diamondstone,  1962). 

Since  the  activity  of  TP  and  TKGT  in  Group  2  was  not  altered  as  a  result 
of  a  higher  protein  intake,  it  appears  that  the  increased  intake  of  the  specific 
substrates  was  not  adequate  to  increase  the  activity  over  that  induced  by  cold. 
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The  data  indicate  that  the  enzyme  activity  in  the  pair-fed  groups  was  not 
altered,  regardless  of  whether  sugar  or  fat  was  offered  as  an  additional 
source  of  energy  in  cold. 
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